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ELECTROPHORBTIC DISPI*AY DEVICE AND DRIVING METHOD THEREFOR 



The invention relates to a drive circuit for an electrophoretic display, an 
eiectrophoretic display^ a display apparatus comprising such an electrophoretic display, and a 
method of driving an electrophoretic display. 

Electrophoretic di^lays are used in, for ^cample, electronic books» mobile 
S telephones, personal digital assistants^ l^top computers^ and monitors. 



A display device of the type mentioned in the opening paragraph is known 
fix>m international patent af^hcation WO 99/53373, This patent application discloses an 

10 electronic ink display which comprises two substrates, one of which is transparent, the other 
substrate is provided with electrodes arranged in rows and colimms. Display elements or 
pixels are associated with interaections of the row and column electrodes. Each display 
element is coupled to the column electrode via a main electrode of a tiiin-film transistor 
(further referred to as TFT). A gate of the TFT is coi^led to the row electrode. This 

15 arrangement of display elem^ts» TFT*s and row and colxmm electrodes jointly forms an 
active matrix display device* 

Each pixel comprises a pixel electrode which is the electrode of the pixel 
which is connected via the TFT to the column electrodes. During an image update period or 
image re&esh period, a row driver is controlled to select all the rows of display elements one 

20 by one, and Ihe column driv^ is controlled to supply data signals in parallel to the selected 
row of display elements via the column electrodes and the TFT's. The data signals 
correspond to image data to be displayed. 

Furthermore, an electronic ink is provided between the pixel electrode and a 
common electrode provided on the transparmt substrate. The electronic ink is thus 

25 sandwiched between the conamon electrode and the pixel electrodes. The electronic ink 

comprises multiple microcapsules of about 10 to 50 microns. Each microcapsule comprises 
positively charged white particles and negatively charged black particles suspended in a 
fluid. When a positive voltage is applied to the pixel electrode with respect to the common 
electrode, the white particles move to Sie side of the microcapsule directed to the transparent 
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substrate, and the display element appears white to a viewer. Simultaneously, the blade 
particles move to the pixel electrode at the opposite side of the miox^c^sule where they are 
hidden £rom tiie viewer. By applying a negative voltage to the pixel electrode with respect to 
the common electrode^ the black particles move to the common electrode at the side of the 
5 microcapsule directed to tlie transparent substrate, and the display element appears dark to a 
viewer* When the electric field is removed, the display device remains in the acquired state 
and exhibits a bi-stable character. This electronic ink display with its black and white 
particles is particularly useful as an electronic book. 

Grey scales can be created in the display device by controlling the amount of 
1 0 particles that move to the common electrode at the top of the microcapsules* For exan^le, the 
energy of the positive or negative electric field, defined as the product of field strength and 
time of appUcation^ controls the amount of particles which move to the top of the 
microcapsules. 

From the non-pre-published patent i^^plications in accordance to applicants 

15 docket refenred to as PHNL020441 and PHNL030091 which have been filed as European 
patent applications 02077017*8 and 03100133*2 it is known to minimize the image retention 
by using preset pulses (also referred to as the shaking pulse). Preferably, the shaking pulse 
comprises a series of AC-pulses, however, the shaking pulse may comprise a single preset 
pulse only. The pre-published patent applications are directed to the use of shaking pulses, 

20 either directly before fee drive pulses, or directly before the reset pulses. PHNL030091 
further discloses that the picture quality can be in[q)roved by ext^ding the duration of the 
reset pulse which is applied before the drive pulse* An over-reset pulse is added to the resrt 
pulse, the ov^^reset pulse and the reset pulse togeth^, have an energy which is larger than 
required to bring the pixel into one of two Ibnit optical states. The duration of the over-reset 

25 pulse may dqpend on the required transition of the optical state. Unless explicitly mentioned, 
for the sake of simplicity, the tocm res^ pulse may cover both the reset pulse without the 
over-reset pulse or the combination of the res^ pulse and the over-res^ pulse. By using the 
reset pulse, the pixels are first brought into one of two well defined limit states before the 
drive pulse changes the optical state of the pixel in accordance with the image to be 

30 displayed. This improves the accuracy of the grey levels* 

For example, if black and white particles are used, the two limit optical states 
are black and white* In the limit state black, the black particles are at a position near to the 
transparent substrate^ in the limit state white, the white particles are at a position near to the 
transparent substrate. 
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The drive pulse has an energy to change fhe optical state of the pixel to a 
desired level which may be in-^betwe^ the two limit (q)tical states. Also the duration of the 
drive pulse may d^end on the required transition of the optical state. 

The non-prepublished patent application PHNL030091 discloses in an 
5 embodiment that the sinking pulse precedes the reset pulse. Each level (which is one preset 
pulse) of the shaking pulse has an energy (or a duration if the voltage level is fixed) sufficient 
to release particles present in one of the extreme positions, but insufficient to enable said 
particles to reach the other one of the extreme positions. The shaking pulse incxreases the 
mobility of the particles such that the reset pulse has an immediate effect If the shaking pulse 
1 0 comprises more than one preset pulse, each pres&t pulse has the duration of a level of the 
shaking pulse. For exan^>Ie, if the shaking pulse has successively a high levels a low level 
and a hi^ level, t3iis shaking pulse comprises three preset pulses. If the shaking pulse has a 
single level, only one preset pulse is present 

The complete voltage waveform which has to be presented to a pixel during an 
15 image update period is referred to as the drive voltage waveform. The drive voltagje 
waveform usually dififers for different optical transitions of the pixels. 

The driving of the electrophoretic display in accordance with the present 
20 invention differs fix)m the driving disclosed in the non-prepublished patent applications in 

that groups of lines of pixels are selected at the same time during portions of the drive 

voltage waveform which portions are equal for this groxip of lines of pixels. In fhe prior art, 

the lines of pixels (usually the rows) are selected one by one. 

A first aspect of the invention provides a drive circuit for an electrophordic 
25 display as claimed in claim 1 . A second aspect of the invention provides an electrophoretic 

display as claimed in claim 4, A third aspect of the invention provides a display q>paratus as 

claimed in claim 15. A fourth aspect of the invention provides a method of driving an 

electrophoretic display as claimed in claim 16. Advantageous embodiments of the invwtlon 

are defined in the depradrat claims. 
30 Before explaining how the electrophoretic display in accordance with the first 

aspect of the invention operates and which advantages are reached, first a possible driving 

method of the display is elucidated to provide a fi-amework. 

In electrophoretic displays, such as the £-ink display, it is important to be able 

to achieve accurate grey levels. Generally, the grey levels are created by applying voltage 
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pulses during a specific time period. The accuracy of the grey levels in electrophoretic 
displays is strongly influenced by the image history, dwell time, tenq>^tiire, humidity, 
lateral inhomogeneity of the electrophoretic foil, etc. Accurate grey levels can be obtained by 
using a rail-stabilized approach, wherein the grey levels are always achieved either starting 
5 from a reference black state or from a reference white state (the two rails)* 

A driving method which uses a single reset voltage pulse appeared to perform 
very welL The pulse sequence of the drive voltage waveform may comprise: first shaking 
pulses, the reset pulse, second shaking pulses, and a grey level drive pulse. The reset pulse 
should last longer than the time required for switching the electrophoretic material fix>m full 
1 0 black to fill! Minte or the oth^ way around* The first and second shaking pulses reduce the 
dwell time and image history effects and thus reduce the image ret^tion and increase the 
grey level accuracy. In this driving method, both tide first and second shaking pulses are 
present in every drive voltage waveform, thus indq>endCTt on the optical transition to be 
reached. 

15 As in such a driving method, the drive voltage waveform comprises many 

serially arranged pulses, the duration of an image update period is quite long. It has to be 
noted ttiat each one of the levels of the pulses has to last a frame period In a frame period, all 
the lines (usually the rows) of the display are selected (addressed) one by one during a line 
period to allow the drive voltages to be supplied to the pixels of the selected row. For 

20 example, if the line period lasts 30 microseconds, this results in a frame period (for sample, 
18 milliseconds if the display has 600 rows)- Consequ^tly, the drive voltage waveform may 
last O.S to 1 second, which has the drawback in that the refr^ of an image is clearly visible, 
and the display of moving video is impracticaL Especially, the optical flicker induced by 
shaking pulses with long frame duration becomes visible* It is also difficult to getnerate 

25 accurate grey levels using a simple driver witii a limited number of voltage levels. 

If the duration of the firame period is decreased in an attempt to decrease the 
duration of the image update period, this resuhs in a decreased hne p«iod. Tt^ 
drawback that the pixels may not have sufficient time to fully charge up to the voltage 
applied. 

30 Thus, in the prior art, the Unes of pixels, which usually are the rows of the 

matrix display, are selected one by one to be able to supply the data signals via the data 
electrodes, which are usually the colunm electrodes, to the pixels of the selected line* In this 
manner it is possible to address each pixel separately, which means that it is possible to 
individually determine the drive voltage waveform supplied to a pixel. It has to be noted that 
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the drive voltage wavefonns supplied to pixels of an electrophoretic display may differ 
d^endent on the optical transition of a pixeL For example for a particular optical transition a 
relatively short reset pulse may suffice, while for an other optical transition a longer reset 
pulse may be required. This means that for each pixel it should be possible to supply the 
S ^ropriate reset pulse, and thus each pixel should be separately addressable. 

In the drive circuit in accordance with the first aspect of the invention, the 
select driver selects groups of lines of the pixels and at the same time the data driver supplies 
flie data to the selected groups of pixels via data electrodes. Thus, all the pixels of Ihe group 
of lines of pixels which are associated with the same data electrode receive the same data 
10 signals. It is not required that all the pixels of the groiq> of lines receive the same data signals, 
it sufiSces if the pixels in the same column receive the same data signals for each one of the 
columns. 

In accordance with the invention, for portions of the drive voltage waveform 
which are equal for all the pixels of bach column of the group of rows» at least a subset of 

15 these rows is selected at the same time. It is not relevant to the invention which pulses are 
actually present in the drive voltage waveform. For example, the reset pulse may not be 
present, or only a single shaking pulse may be present* What counts is that the drive 
waveform has common parts which are the same for the pixels in a column. The common 
part has to occur during the same period in time for all columns, but may have different 

20 levels for different columns. Different levels for different columns may, for example occur if 
inversion shaking is applied wherein the voltage levels supplied to adjacent columns have 
opposite polarity. 

For example, if the electrophoretic matrix display coit^rises 600 rows it is 
possible to select groups of 10 rows at the same time. Now, only one t^th of a frame period 

25 is required to select all the pixels. Consequently, the duration of Ihe image update period will 
decrease, hi the limit situation whorein during a portion of the drive voltage waveform all the 
pixels may rec^ve the same voltage it would be possible to select all the rows at the same 
time. Instead of the fi-ame period, only a line period would be required to address all the 
pixels. However this might cause too large capacitive currents. Thus even if it is possible to 

30 select all the rows at the same time, it might be more practical to select groups of rows which 
comprise a subset of the total number of rows. 

The decreased duration of the frame period is particularly useful for image 
update sequences with shaking pulses to reduce the optical flicker induced by the shaking 
pulses. 
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Jn an embodimeat in accordance with the invention as defined in claim 2, Hie 
selection of the groi^ of rows at the same time is used to decrease the image update period as 
elucidated earlier. 

In an embodiment in accordance with the invention as defined in claim 3, 

5 instead of selecting a group of rows during a single line pmod it is also possible to select a 
group of rows during a predetermined number of consecutive line periods. This has the 
advantage that the power consumption of the electrophoretic mateix display will decrease. 

AltCTnatively, it is possible to both decrease the frame time during which all 
the pixels are selected and to decrease the power consumption. For example if groups of 10 

10 rows are selected each during 2 line periods, only one fifth of a frame period is required to 
select all the pixels* 

In an embodiment in accordance with the invention as defined in claim 5, the 
shaking pulse occurs during a same shaking time period for all pixek. This is realized even 
althou^ the drive pulse may have a duration which depends (for example, linearly) on a 

1 5 difference between c^tical states of the pixel before and after an image update period. As 
discussed earlier, the shaking pulse may comprise a single preset pulse or a series of preset 
pulses. Now it is possible, during the common shaking pulse, to select ^1 the lines of pixels 
at the same time. However this may cause very high capacitive currents. It is therefore 
preferred to still select groups of lines of pixels at the same time. For example 10 lines of 

20 pixels are selected at the same time. The time which is gained in this manner may be 

completely used to decrease the image i4>date time. It is also possible to inocease &e time the 
ffroxxp of lines is selected to low&c the dissipation* A combination of these two effects is also 
possible. 

If the shaking pulse is supplied to all the pixels at the same time (or to groups 
25 of lines of pixels), the power efficiency will increase because it is possible, for eadi preset 
pulse, to select all the lines (or the group of lines) simultaneously and to siqyply the same data 
signal level to all the selected pixels. The effect of capacitances between pixels and 
electrodes will decrease. Further^ as alt fiie pixels may be selected simultaneously, the 
duration of the level(s) of the shaking pulse need not be the standard frame pOTod. The 
30 diiration of the level(s) of the shaking pulse may become much shorter than the standard 

frame period thus shortening the image update period and reducing the power consumption. 
For example^ a single line select period may suffice. It is also possible to use more than a 
single line select period to supply the levels of tbe idtiaking pulse to improve the picture 
quality. 
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Thus, in this embodimeat in accordance with the invention, the drive voltage 
wavefonn is deliberately adapted to create larger portions which are equal for aU the pixels. 
This increases the potential to shorten the ^age update period and/or to decrease the power 
consumption* The drive voltage wavefonh niay also be referred to as drive voltage, 

5 hi an embodiment in accordiance with the invration as defined in claim 6, the 

shaking pulse occurs during a same shaking time period for all pixels. This is realized even 
although the reset pulse and/or the drive pulse may have a duration which depends (for 
example, linearly) on a difference between optical states of the pixel before and after an 
imago update period. As discussed earlier, the shakhig ptilse may comprise a single preset 

10 pulse or a series of preset pulses* Again, now it is possible, during the common shaking 
pulse, to select all or groups of the lines of pixels at the same time. 

If the shaking pulse which precede the reset pulse or which occurs in-between 
the reset pulse and the drive pulse is supplied to alllfae pixels at the same time (or to groups 
of lines of pixels), the power e£5ci«icy will increase because it is possible, for each preset 

1 5 pulse, to select all the lines (or the group of lines) simultaneously and to supply the same data 
signal level to all the selected pixels. Further, again, as all the pixels may be selected 
simultaneously, the duration of the level(s) of the shaking pulse need not be the standard 
frame period. The duration of the level(s) of the shakiag pulse may become much shorter 
than the standard frame period thus shortening the image update paiod and reducing tihe 

20 power consumption. 

In an embodiment in accordance with the invention as claimed in claim 7, the 
duration of the reset puise depaads for each pixel on the optical transition to be made. 

A too long reset putee has the drawback that the particles will be pressed 
together too madt in one of the extrane positions, which makes it difficult to move them 

25 away from tbis extreme position. Thus, it is an advantage wh^ the reset pulse varies with the 
optical state transitions of the pixels. For example, if black and white particles are used, two 
intermediate optical states may be defined; dark grey and U^t grey. The optical state 
transitions are now: black to dark grey, black to light grey, black to white, white to light grey, 
white to daric grey, white to black, dark grey to black, dark grey to Ught grey, dark grey to 

30 white, light grey to black, Ught grey to dark grey, light grey to white. 

By way of example, if the shaking pulse is to immediately precede the reset 
pulse, and the drive pulses start all at the same instant, the time of occurrence of the shaking 
pulse will depend on the duration of the reset pulse and thus will be different for pixels which 
have different transitions of their optical states. Thus, during a particular frame period some 
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pixels must receive a shaking pulse while other pixels should not receive a shaking pulse. To 
be able to only supply the shaking pulse to fhe pixels which should receive it, each level of 
the shaking pulse h£^ to be available during a complete frame period during which all the 
rows of pixels have to be selected one by one. In the present invention, tiie shaking pulse 
5 occurs during the same period in time for all pixels. It is thus possible to select all tihe pixels 
in a single line period and to supply the same drive voltage to all the pixels, although the 
duration of the reset pulse is different for pixels which have different optical transitions* 

If die reset pulse has a duration less than its maximum duration, due to the 
shaking pulse which always occurs during the same shaking period, a not yet used time 

10 period exists between the shaking pulse and the reset pulse, or between the reset pulse and 
the drive pulse, or both. If this not yet used time pmod (the dwell time) becomes too large a 
distuibance of the desired optical state of the pixel may occur* 

In an embodiment in accordance with the iavention as claimed in claim 8, both 
first and second shaking pulses are generated. The first shaking pulse is presoit for all pixels 

1 5 during the same first shaking period which precedes the reset period in which fhe reset pulse 
is applied. The second shaking pulse is present for all pixels during the same second shaking 
period which precedes the drive period during which the drive pulse is applied. This second 
shaking pulse further improves the reproduction quality of the picture to be displayed. 

In an embodiment in accordance with the invention as claimed in claim 9, an 

20 over-reset is used wherein the duration of the reset pulse is somewhat longer than required to 
better move the particles to the extreme positions. It is possible to select from a limited 
number of possible durations of the reset pulse. However, preferably, a sufScient number of 
durations of the r^et pulses is available to obtain a comparable over-reset efTect for different 
optical transitions. 

25 In an embodiment in accordance with fhe invoation as claimed in claim 1 0, the 

duration of fhe reset pulses is proportional to the distance required for the particles to move. 
As now no over-reset but a proportional reset is applied^ the particles can easily be moved 
after the reset pulse as Ihey are not packed together more than required. 

In an embodiment in accordance with the invention as claimed in claims 1 1 

30 and 8, an extra shaking pulse is introduced in the not yet used time period which exists 

between the shaking pulse and the reset pulse, or between the reset pulse and the drive pulse, 
respectively. The extra shaking pulse may comprise a single pxUse or a plurality of pulses. 

In an embodiment in accordance with the invention as claimed in claim 12, the 
preset pulses of the extra shaking pulse have an energy content whidi is low^ than the 



WSDOCID; <WO___20040eeaSlAl_L> 



wo 2004/066251 PCT/IB2003/002342 

9 

energy content of the preset pulses of the fiist and second shaking pulses because the efiTect 
of dweU*tune is small and the optical disturbance caused by the extra shaking pulses should 
be small. 

These and other aspects of the invention are apparent from and will be 
5 elucidated with reference to the embodiments described hereinafter. 



hi the drawings: 

Fig. 1 shows diagrammatically a cross-section of a portion of an 
1 0 electrophoretic display. 

Fig. 2 shows diagrammatically a picture display apparatus with an equivalent 
circuit diagram of a portion of the electrophoretic display^ 

Fig. 3 shows voltages acro^ a pixel in difTei^t situations wherein ov€a:-reset 
and various sets of shaking pulses are used> 
IS Fig. 4 shows voltages across a pixel if the shaking periods occur during the 

same time periods and no over-reset is used. 

Fig. 5 shows voltages across a pixel wherein a further shaking pulse is present 
preceding the reset pulse if the reset pulse does not occur during the complete reset period, 

Fig. 6 shows voltages across a pixel wherein further shaking pulses are present 
20 trailing the reset pulses if the reset pulses do not occur during the complete reset periods^ 

Fig- 7 shows signals occurring during a frame period, and 

Fig. 8 shows a block diagram of an electrophoretic display with a driving 
circuit for selecting groups of lines. 

25 

Fig* 1 shows diagrammatically a cross-section of a portion of an 
electrophoretic <iisplay, which for example, to increase clarity^ has the size of a few display 
elements only. The electrophoretic display comprises a base substrate 2, an electrophoretic 
film with an electronic ink which is present betwem two tranq>arent substrates 3 and 4 
30 which, for sample, are of polyethylene. One of the substrates 3 is provided with transparent 
pixel electrodes 5,5' and the other substrate 4 with a transparent counter electrode 6. The 
counter electrode 6 may also be segmented. The electronic ink comprises multiple 
microcapsules 7 of about 10 to 50 microns. Each microcapsule 7 comprises positively 
charged white particles 8 and negatively charged black particles 9 suspended in a fluid 40. 
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The dashed material 41 is a polymer binder. The layer 3 is not necessary, or could be a glue 
layer, AVhen the pixel voltage VD across the pixel 18 (see Fig. 2) is supplied as a positive 
drive voltage Vdr (see, for example. Fig, 3) to the pixel electrodes 5, 5* with respect to the 
counter electrode 6, an electric field is generated which movra the white particles 8 to the 
5 side of the microcapsule 7 directed to the counter electrode 6 and the display element will 
appear white to a viewer. Simultaneously, the black particles 9 move to the opposite side of 
the microcapsule 7 whwe they are hidden fiom the viewor. By applying a negative drive 
voltage Vdr between the pixel electrodes 5, 5' and the counter electrode 6, the black particles 
9 move to the side of the microcapsule 7 directed to the counter electrode 6, and the display 

10 element will appear dark to a viewer (not shown). When the electric field is rmioved, the 
particles 8,9 raamxi in the acquired state and the display exhibits a bi-stable character and 
consumes substantially no powa. Electrophoretic media are known per se fix>m e.g. US 
5,961,804, US 6,1 120,839 and US 6,130,774 and may be obtained from E-ink Coiporation. 

Fig. 2 shows diagrammatically a picture di^Iay apparatus with an equivalCTt 

1 5 circuit diagram of a portion of the electrophoretic display. The picture display device 1 
comprises an electrophoretic film laminated on the base substrate 2 provided with active 
switching elemCTits 19, a row driver 16 and a column driv^ 10, Preferably, the counter 
electrode 6 is provided on the film comprising the encapsulated electrophoretic ink, but, Ihe 
counter electrode 6 could be alternatively provided on a base substrate if a display operates 

20 based on using in-plane electric fields. Usually, the active switching elements 19 are thin- 
film transistors TFT. The display device 1 comprises a matrix of display elooients associated 
with intersections of row or select electrodes 17 and column or data electrodes 1 1 . The row 
driver 16 consecutively selects the row electrodes 17, while ihe column driver 10 provides 
data signals in parallel to the column electrodes 1 1 to the pixels associated with the selected 

25 row electrode 17, Preferably, a processor 15 firstly processes incoming data 13 into the data 
signals to be suQiplied by the column electrodes 1 1 , 

The drive lines 12 cairy signals which control the mutual synchronisation 
between the column driver 10 and the row driver 16. 

The row driver 16 supplies an appropriate select pulse to the gates of the 

30 TFT's 1 9 which are coimected to the particular row electrode 1 7 to obtain a low impedsmce 
main current path of the associated TFT's 19. The gates of the TFT^s 19 which are connected 
to the other row electrodes 17 receive a voltage such that their main current paths have a high 
impedance. The low impedance between the source electrodes 21 and the drain electrodes of 
the TFT's allows the data voltages present at the column electrodes 11 to be supplied to the 
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drain electrodes which are connected to the pixel electrodes 22 of fhe pixels 18. la this 
manner, a data signal present at the column electrode 1 1 is transferred to the pixel electrode 
22 of the pixel or display element 1 8 coupled to the drain electrode of the TFT if the TFT is 
selected by an appropriate level on its gate. In the embodiment shown» the display device of 
5 Fig.l also comprises an additional capacitor 23 at the location of each display element 18, 
This additional capacitor 23 is connected between the pixel electrode 22 and one or more 
storage capacitor lines 24, histead of TFTSs other switching elements can be used, such as 
diodes, MIMs, etc. 

Fig. 3 shows voltages across a pixel in different situations wherein over-reset 

10 is used. By way of example. Figs. 3 are based on an electrophoretic display with black and 
white particles and four optical states: black B, dark j^y GU light grey G2, white W. Fig. 
3A ^ows an ima^ update period lUP for a transition from light grey G2 or white W to dark 
grey GL Fig. 3B shows an image update period lUP for a transition from dark grey Gl or 
black B to dark grey Gl* The vertical dotted Unes n^resent the frame periods TF (which 

1 5 usually last 20 milliseconds), the line periods TL occurring within the frame periods TF are 
not shown in Figs. 3 to 6. The line periods TL are illustrated in Fig. 7. 

In both Fig. 3 A and Fig. 3B, the pixel voltage VD across a pixel 18 conq>rises 
successively first shaking pulses SPl, SPl', a reset pulse RE, RE% second shaking pulses 
SP2, SP2' and a drive pulse Vdr. The driving pulses Vdr occur during the same drive p^od 

20 TD which lasts from instant t7 to instant tS. The second shakmg pulses SP2, SP2' 

immediately precede the driving pulses Vdr and thus occur during a same second shaking 
period TS2. The reset pulse RE, RE* immediately precede the second shaking pulses SP2, 
SP2\ However, due to the difTerent duration TRl, TRl ' of tiie reset pulses R£, RE% 
respectively, the starting instants t3 and tS of the reset pulses RB, R£^ are different. The first 

25 shaking pulses SPl, SPl' which immediately precede the reset pulses RE, RE% respectively, 
thus occur during different first shakiiLg periods in time TS1» TS1% respectively. 

In the embodiment in accordance with the invention, the second shaking 
pulses SP2, SP2' occur for every pixel 18 during a same second diaking period TS2. This 
enables to select the duration of this second shaking p^od TS2 much shorter as shown in 

30 Figs. 3A and 3B. For clarity, each one of levels of the second shaking pulses SP2, SP2^ is 
present during the standard frame period TF. In fact, in accordance with this embodiment of 
the invention, now, during tiie second shaking period TS2, the same voltage levels can be 
supplied to all the pixels 18, Thus, instead of selecting the pixels IS line by line, it is now 
possible to select all the pixels 18 at once, and only a single line select period TL (see Fig. 7) 
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suffices pet level. Thus> in fhe embodimeQt in acx^rdance with the invention shown in Figs* 
3 A and 3B, fhe second shaking period TS2 only needs to last four line periods TL instead of 
four standard frame periods TF. Howev», it is still possible to only select groups of lines (not 
comprising all the lines) of pixels at the same time to lower the capacitive cxurents, 
5 Alternatively^ it is also possible to change tho timing of the drive signals such 

that the first shaking pulses SPl and SPT are aligned in time, the second shaking pulses SP2 
are then no longer aligned in time (not shown). Now the first shaking period TS 1 can be 
much shorts. 

The driving pulses Vdr are shown to have a constant duration^ however, the 

10 drive pulses Vdr may have a variable duration. 

If the drive method shown in Figs. 3 A and 3B is applied to the electrophoretic 
di^lay, outside the second shaking period TS2, fhe pixels 1 8 have to be selected line by line 
by activating the switches 19 line by line. The voltages VD across the pixels 1 8 of the 
selected line are supplied via the column electrodes 1 1 in accordance with the optical state 

15 the pixel 1 8 should have. For example, for a pixel 1 8 in a selected row of which pixel fhe 
optical state has to change from white W to dark grey Gl , a positive voltage has to be 
supplied at the associated column electrode 1 1 during fhe frame period TF starting at instant 
to. For a pixel 18 in the selected row of which pixel the optical state has to change from black 
B to dark grey Gl^ a zero voltage has to be supplied at the associated column electrode 

20 during fhe frame period TF lasting from instants tO to tl . 

Fig. 3C shows a waveform which is based on the waveform shown in Fig. 3B, 
This waveform of Fig. 3C causes fhe same optical transition. The difference is that fhe first 
shaking pulses SPl ' of Fig. 3B are now shifted in time to coincide with the shaking pulses 
SPl of Fig. 3A. The shifted shakmg pulses SPl ' are mdicated by SPl", Thus, now, 

25 indqpwdent on the duration of the reset pulse RE, also all the shaking pulses SPl^ SPl" 
occur during the same shaking period TSL This has the advantage that tndqpendCTt of the 
optical transition* both the same shaking pulses SPl , SPl** and SP2, SP2* can be supplied to 
all pixels 18 simultaneously. Thus both during fhe first shaking period TSl and the second 
shaking p^od TS2 it is not required to select the pixels 18 Kne by line. Whilst in Fig. 3C the 

30 shaking pulses SPl" and SP2' have a predetOTmined high or low level during a complete 
frame period, it is possible to use shaking pulses SPl" and SP2' lasting one or more line 
periods TL (see Fig. 7). In this manner, the image update time may be maximally shortened. 
Further, due to the selection of all Unes at the same time and providing a same voltage to all 
columns, during the sliaking periods TSl and TS2, the capacitances betweoi neighboring 
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pixels and electrodes will have nd Effect* This will tmiiiimze stray capacitive currefits and 
thus dissipation. Even fbrtber, the common shakmg pulses SPl, SPl" and SP2, SP2* mable 
implOTienting shaking by using structured counter electrodes 6, 

A disadvantage of this approach is ttiat a small dwell tirae is introduced 
5 (between the first shaking pulse period TS 1 and the reset period TRl Dependent on Ihe 
electrophoretic display used, this dwell time should not become longer than, for example, 0.5 
seconds. 

Fig, 3D shows a waveform which is based on the waveform shown in Fig. 3C, 
To this wavefonn fiiird shaking pulses SP3 are added which occur dunng a third shaking 

10 period TS3. The third shaking period TS3 occurs between the first shaknxg pulses SPl and 
the reset pulse RE% if this reset pulse RE* does not have it maximum length. The tiiird 
shaking pulses SP3 may have a lower energy content than the first shaking pulses SPl to 
minimize the visibility of the shaking. It is also possible Ihat the third shakiag pulses SP3 are 
a continuation of the first shaking pulses SPl . Preferably, the third shaking pulses SP3 fill up 

IS the complete period in time available between the first shaking period TSl' and the res^ 
period TRl ' to minimize the image retention and to increase the grey scale accuracy. With 
respect to the embodiment in accordance with the inv^tion shown in Fig. 3C, the image 
retention is fiuther reduced and the dwell time is massively reduced. 

AltOTiatively, it is possible that the reset pulse RE' occurs immediately after 

20 the first shaking pulses SPl and the third shaking pulses occur between the reset pulse KB' 
and the second shaking pulses SP2\ 

The embodim^ts in accordance with the inv^tion shown in Figs* 3 are based 
on an over-reset. The image retration can be further improved by iising reset pulses RE, RE' 
which have a length which is proportional to the distance the particles 8, 9 have to move 

25 between the pixel electrode 5, 5* and the counter electrode 6. Embodimoits in accordance 
with the invention which are based on such proportional reset pulses are shown in Figs. 4 to 
6. 

Fig. 4 shows voltages across a pixel if the shaking periods occur during the 
same time p^ods and no over^reset is used. Figs. 4 shows drive waveforms for all optical 
30 transitions to dark grey Gl « 

Fig- 4 A shows a waveform required to change the optical state of the pixel 18 
JSrom white W to dark grey Gl. Fig. 4B shows a waveform required to change the optical 
state of the pixel 18 from light grey G2 to dark grey Gl. Fig. 4C shows a wavefonn required 
to keep the optical state of the pixel 18 dark grey Gl. Fig. 4D shows a waveform required to 
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change the optical state of the pixel 18 from black B to daik grey Gl. For ofher transitioiis 
similar drive waveforms are required. For example^ for the transition from white W to black 
B, portions of the waveform of Fig. 4A can be used, but with Vdr = OV, 

In all Figs. 4, the first shaking pulses SPl occur during the same first shaking 
5 period TSl, the second shaking pulses SP2 occur during the same second shaking period 
TS2, and the driving pulse Vdr occurs during the same drive period TD. The driving pulses 
Vdr may have different durations. The reset pulse KB has a length which d^ends on the 
optical transition of the pixel 1 8. For exan^le, ia a pulse width modulated driving, tiie full 
reset pulse width TR is required for resetting the pixels 18 from white W to black B or W to 

10 daik grey Gl, see Fig. 4A. For resetting the pixels 18 from li^t grey G2 to black B or G2 to 
dark grey Gl» only 2/3 of the duration of this fiill reset pulse width TR is required, see Fig* 
4B. For resting the pixels 18 from dark grey Gl to black B or Gl to dark grey, only 1/3 of 
the duration of this full reset pulse width TR is required, see Fig* 4C. For resetting the pixels 
18 from black B to dark grey Gl» no reset pulse is required, see Fig. 4D. 

1 S These waveforms are also usefiil when the known transition matrix based 

driving mettiods are used in which previous images are considered in determining the 
impulses (time x voltage) for a next image. Alternatively, these waveforms are also useful 
whra the electrophoretic material used in tiie display is less sensitive to the image history 
and/or dwell time. 

20 Thus, to conclude, independent on the duration of the reset pulse RE, the first 

shaking pulses SPl and the second shaking pulses SP2 can be supplied to all the pixels 1 8 
simultaneously, which has the advantages mentioned before. 

Fig. S shows voltages across a pixel \(^erdn fitrttier shaking pulses are preset 
preceding the reset pulse if the reset pulse does not occur during the complete reset period* 

25 Fig. 5A is identical to Fig. 4A, and Figs. SB to 5D are based on Figs. 4B to 4D, resfpectively. 
In Figs, 5B to SD, third reset pulses SP3 are added during the period of time TS3a, TS3b, 
TS3c, re^ctively, which occurs in-between the fiorst shaking pulses SPl and the reset pulse 
RE, These additional third reset pulses SP3 may di lEfer fixmi the first and second shaking 
pulses SPl and SP2 in terms of pulse length and/or pulse height depending on the required 

30 image quality. Generally^ the energy in these additional shaking pulses SP3 may be lower 
than the energy in the first shaking pulses SPl because the dwell time effect is small and the 
optical disturbance should be minimized. The amount of shaking in the different sequences is 
preferably proportional to the time space available between the first shaking pulses SPl and 
the reset pulse RE. More preferably, the time period betwera the first shaking pulses SPl and 
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the reset pulse RE is folly fLUed vidtli'the additiblial shaking pulses SP3 to mimmize the 
image retention and to increase the grey scale accuracy. Again, the advantage of the 
embodiments in accordance with the invention as elucidated with reflect to Figs. 4 is 
maintained, whilst the degree of image retention and the dwell time effect can be further 
5 reduced by the additional shaking. 

Fig. 6 shows voltages across a pixel wherein further shaking pulses are present 
trailing the reset pulse if the reset pulse does not occur during the complete reset period. Fig. 
6A is identical to Fig. 5A. In Figs. 6B to 6D, which are based on Figs. 5B to 5D^ respectively, 
the position of the reset pulse RE and the additional third shaking pulses SP3 is interchanged 

10 such that the reset pulse RE now precedes the additional shaking pulses SP3. Pre^ably, the 
reset pulse RE starts immediately after completion of the first shaking pulses SPl . The 
additional shaking pulses SP3 may cover part of Ifae period in time or the complete period in 
tune between the first and second shaking pulses SPl, SP2 which is not covered by the reset 
pulse RE. The use of the acMitional shaking pulses SP3 improves the grey scale accoracy. 

IS Fig* 7 shows signals occurring during a fiame period. Usually^ each frame 

period TF indicated in Figs. 3 to 6 comprises a number of line periods TL which is equal to a 
number of rows of fee electrophoretic matrix display* In Fig. 7, one of the successive firame 
periods TF is shown in more detail This firame period TF starts at the instant tlO and lasts 
until instant tl4. The frame period TF comprises n line periods TL- The first line period TL 

20 lasts from instant tlO to tl 1» the second line period TL lasts fi^om instant tl 1 to tl2, and the 
last line period TL lasts from instant tl3 to tt4. 

Usually^ during the firame period TF, the rows are selected one by one by 
supplying appropriate select pulses SEl to SEn to the rows. A row may be selected by 
supplying a pulse with a predet^mined non-zero level, the other rows receive a zero voltage 

25 and thus are not selected* The data DA is supplied in parallel to all fee pixels 18 of fee 

selected row. The level of fee data signal DA for a i^icular pixel 18 d^>^ds on fee optical 
state trai^ition of this particular pixel 18. 

Thus> if different data signals DA may have to be suppUed to difEbrent pixels 
of a column, fee frame periods TF shown in Figs. 3 to 6 comprise fee n line or select periods 

30 TL, HowevCT, if fee first and second shaking pulses SPl and SP2 occur during fee same 

shaking periods TS 1 and TS2, respectively, for all the pixels IS simultaneously, it is possible 
to select all fee Unes of pixels 18 simultaneously and it is not required to select fee pixels 18 
line by line. Thus, during fee frame periods TF shown in Figs. 3 and 6 wherein conamon 
shaking pulses are used, it is possible to select all fee pixels 18 in a single line period TL by 



BNSOOCID: <WO__^004Qea^1A1J_> 



wo 2004/066251 PCT/lB2003/0a2342 

16 

providing the appropriate select pulse to all the rows of the display* Consequ«tly, these 
frame p^ods may have a significantly shorts duration (one line period TL, or a numbesr of 
line periods less than n, instead of n) than the frame periods wherein the pixels 18 associated 
with the colimms may receive different data signals. Thus, the invention is useM not only in 
5 situations wherein all the pixels have to receive the same voltage, but also during situations 
wh^ein all the pixels of each of the columns of pixels have to receive a same voltage, while 
the voltages supplied to different columns may be different 

By way of example, the addressing of the display is elucidated in more detail 
with respect to Fig. 3C. At the instant tO a first frame period TF of an image i^date period 

10 lUP starts. The intiage update period lUP ends at the instant t8. 

The first shaking pulses SPP are supplied to all the pixels 18 during the first 
shaking period TSl which lasts fit>m instant tO to instant t3. During this first shaking period 
TSl, during each fi:ame period TF, all (or a group of) the lines of pixels 18 are selected 
simultaneously during at least one line period TL and the same data signals are siq)plied to all 

15 columns of the display. The level of the data signal is diown in Fig. 3C, For example, during 
the first frame period TF lasting from instant tO to tl, a high level is supplied to all the pixels. 
During the next fimie period TF starting at instant tl, a low level is supplied to all the pixels- 
A same reasoning is valid for the common second shaking period TS2. 

The duration of the reset pulse RE, RE* may be different for different pixels 

20 18 because the optical transition of diffemit pixels 18 depends on the image displayed during 
a previous image iq>date period lUP and the image which should be displayed at the end of 
&e present inmge update peaiod lUF* For example, a pixel 1 8 of which the optical state has to 
change fix>m white W to dark grey Gl » a high level data signal DA has to be suppUed during 
the firame period TF which starts at instant t3, while for a pixel 18 of which the optical state 

25 has to dmoge from black B to dark grey Gl, a zero level data signal DA is required during 
this frame period. The first non-^zero data signal DA to be supplied to this last mentioned 
pixel 1 8 occurs in the frame period TF which starts at the instai]tt4. In frames TP wherein 
dififermt data signals DA may have to be supplied to dififaent pixels 1 8, the pixels 1 8 have to 
be selected row by row. 

30 Thus, althou^ all the frame periods TF in Figs, 3 to 6 are indicated by 

equidistant vertical dotted lines, the actual duration of the frame periods may be different In 
frame periods TF in which different data signals DA have to be supplied to the pixels 18, 
usually the pixels 18 have to be selected row by row and thus n Une select periods TL are 
presmt In frame periods TF in which the same data signals DA have to be supplied to all the 
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pixels 18, the frame period TF may be as short a& a single line select pedod TL However, it 
is possible to select all the lines simnltaneonsly during more than a single line select period 
TL. It is also possible to select successively suVgroups of the lines, each sub-group is 
selected during one or several line select periods. 
5 Fig. 8 shows a block diagram of an electrophoretic display with a driving 

circuit for selecting groups of hnes. 

The data drivers SDRl, SDR2, SDR3 supply the drive voltage waveforms VD 
to the data electrodes 11, The drive voltage waveforms VD comprise portions which are 
equal for all pixels 18 associated with a particular data electrode 1 1 ind^endent on the 

1 0 optical transition to be made by the pixels 1 8. With equal portions is meant, the portions of 
the drive voltage wavefonn VD which during a particular period of time have the same pulse 
leveL The pulses ui the drive voltage waveforms VD which are equal are referred to as the 
data independent driving pulses DIDP. 

Fig. 8 schematically shows that during the occurrence of data independCTt 

IS driving pulses DIDP, the select driver RDR selects the select electrodes 17 in groups SAR at 
a time. For example^ if the electrophoretic matrix display comprises 600 select electrodes 17 
(and thus 600 rows of pixels 18), the select driver RDR may select 10 select electrodes 17 
during the same time period. Preferably, the groups SAR comprise adjacent select electrodes 
17. In one frame period TF, all the rows are selected. Thus, in this example, the frame period 

20 TF is now the number of rows divided by ten times flie line select period TL (also referred to 
as row select period) mstead of the number of rows times the row select period TL. Thus at 
the same row select period TL» the frame p^od TF lasts now one UnUi of the time required 
if the rows have to be selected one by one. The arrow starting at the group of selected rows 
SAR indicates that the selected groixps of rows moves along the direction of the data 

25 electrodes IL 

hot portions of the drive voltage waveform VD which are data depmdent (thus 
which may be different for dififerent pixels 18 in the same column because different optical 
state transitions are required), the rows are selected one by one and the frame poiod TF has 
the original, relatively long, duration 
30 The controller 1 5 controls the tuning of the select driver RDR and the data 

drivers SDRl to SDR3 according to Aether the portion of drive voltage waveform VD is 
data independent or not. The controller 15 detects where the data independent driving pulses 
DIDP occiu-^ or is instructed about the periods in time where these data independent driving 
pulses DIDP occur. During portions of tiie drive voltage waveform VD which are data 
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depCTdant, the known drive sequence is performed during which the rows are selected one by 
one and the data is supplied to each selected row of pixels 18. During portions of Hie drive 
voltage waveform VD which are data independent, the controller IS instructs the data drivers 
SDRl to SDR3 to provide the data to the data electrodes 11. The data on a particular data 
5 electrode 1 1 may differ from the data on another one of the data electrodes 1 1 , The data is 
kept available during the frame period TF which has a duration allowing all the groups of 
rows SAR to be selected such that all the rows are selected. The controller 15 instructs the 
select driver RDR to select the groups of rows SAR one after anodier until all the rows have 
been selected. Now the data drivers SDRl to SDR3 provide the data for the next frame 

10 period TF. If during the next frame period TF still data independent drive pulses DIDF are 
present, still the rows are selected in groups SAR» etc. Instead of the three data drivers SDRl 
to SDR3« any other suitable number of data driveis may be used. However, if the data driver 
is integrated, the dissipation in the int^rated circuit and the number of connection pins 
available may give rise to more than one data driver. 

1 5 The mmiber of rows in a group SAR may be selected dependoxt on the 

application. For example, if a minimal &ame period TF and thus a minimal image update 
period lUP is required, all the rows are selected during a single line period TL, thus only a 
single group of rows SAR exists* Although a lower average power consumption is reached, 
the peak power will become very large because of the very large capacitive drive cmrents in 

20 the display. In a compromise between shortening the frame period TF and prev^ting large 
drive currents, for example, 10 rows are selected at the same time during one tenth of the 
original frame period TF. In a compromise between short^iing the frame period TF and 
decreasing the power consumption, for example, 10 rows are selected at the same time during 
half of the original frame pmod TF. Now, the 10 rows are selected during 5 line periods TL 

25 instead of 1 tine period TL. This would result in a S times lower clock rate in the entire 
display and hence in a considerable povz&c saving. 

The selection of groiq>s of rows SAR can be performed in different ways. The 
controller 15 may instruct the select driver RDR for each &toup of rows SAR to select a 
particular group of rows SAR by indicating the numbers of the rows to be selected. The 

30 complete timing is performed by the controller 15. Alternatively, the controU^ 15 may only 
indicated the start of a particular frame period TF and whether in this particular frame period 
TF the rows have to be selected in groups SAR or not The select driver RDR comprises 
timing circuits (not shown) which select the rows one by one starting from the start of the 
particular frame period TF if the controller 15 indicates that data dependent data pulses are 
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present on the data etectrodcs 1 1 . Qr^ the select dnVer KDR selects the row m successive 
groups SAR when the controller IS mdicates that data indep^dent data pulses DIDP are 
present on the data electrodes 1 1 . 

The driving method in accordance with the invention is particularly important 
5 for driving schemes containing shaking pulses SPl, SP2* At present, the length of the preset 
pulses of the shaking pulse SPl, SP2 is detCTmined by the frame period TF required for 
selecting the rows one by one. If the shaking pulse SPl, SP2 occurs (or is made to occur) 
during a same period of time TSl, TS2 in the drive voltage waveform VD independent of the 
optical transition a particular pixel 18 has to undergo^ the duration of the frame pmods TF 

10 during this common shaking pulse SPl, SP2 is reduced The optical disturbance <^used by 
the shaking pulses SPl, SP2 will become less. 

It should be noted that the above-mrationed embodiments illustrate rather than 
limit the invention, and that those skilled in the art will be able to design many alternative 
embodiments without departing from the scope of the sqppciided claims. 

15 For ^cample, the second shaking pulses SP2 need not be present A shorter 

image update period lUP and/or a lower power consumption is akeady reached if only one 
set of shaking pulses SPl or SP2 is present and this set occxjrs during a same shaking period 
TSl or TS2, Although in the Figures, is referred to shaking pulses which comprise several 
levels or preset pulses, it is possible that the slmking pulses comprise a single level or preset 

20 pulse only. 

It is possible to use driving schemes wherein the reset pulse RE is not present 
and a direct grey-to-grey level transition is realized. Tlie high^ frame rate obtained in this 
cmbodimCTl according to tiie invention is used to reduce the optical flicka introduced by the 
shaking pulses SPl, SP2, and also to reduce the total image update time lUP* 

25 In the claims* any reference signs placed between parenthesis ^lall not be 

construed as limiting the claim. The word **conq)rising" does not exclude the presence of 
other elements or steps than those listed m a claim. The invention can be implemented by 
means of hardware comprising several distinct elements, and by means of a suitably 
programmed con^uter. In the device claim enumeratitig several means, several of these 

30 means can be mibodied by one and the same item of hardware. 
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1 . A drive circuit for an electiophoretic matrix di^lay with a pluraSty of pixels 
(1 8), the drive circuit comprising: 

a select driver (16) for selecting lines of tlie pixels (18), 
a data driver (10) for supplying drive voltage waveforms (VD) to each one of 
5 the selected pixels (18) via data electrodes (5, S 'X an<l 

a controller (15) for controlling the select driver (16) to select a group of lines 
of pixels (18) at a same time during portions of the drive voltage waveforais (VD) which for 
each of the data electrodes (5, 5',) are equal for at least all the pixels (18) being associated 
with the same one of the data electrodes (5, 5*). 

10 

2. A drive circuit as claimed in claim 1, wherein the CQntroU^ (IS) is arranged 
fi>r controlling the select circuit (16) to select the group of lines during a line period (TL) 
being a frame period (TF) divided by a number of lines of the display, thereby decreasing an 
image iqnlale period (lUP)^ 

15 

3* A drive circuit as claimed in claim 1, wh^ein the controller (1 5) is arranged 

for controlling ttie select circuit (16) to select the group of lines during a select pmod which 
is larger than a line pmod (TL) being a frame period (TF) divided by a number of lines of the 
display, 

20 

4, An electrophoretic display comprising a drive circuit as claimed in claim 1. 

5. An electrophoretic display as claimed in claim 4» wherein the pixels (18) 
comprise an electrophoretic material (8^ 9) comprising charged particles^ each one of the 

25 pixels (18) being associated vdth a first electrode (6) and one of the data electrodes (5, 5'), 
the data driver (10) being arranged for presenting the drive voltage waveforms (VD) between 
the first electrode (6) and the data electrodes (5, 5*X wherein the charged particles are able to 
occupy two limit positions between the first electrode (6) and the second electrode (S) in 
response to the drive voltage waveform (VD), and wherein "Oie controller (15) is arranged for 



BNSDOCID: <WO_^_a00*066M1A1 J^> 



wo 2004/066251 PCT/IB2003/002342 

21 

controllmg the data driver (10) to supply the drive voltage waveform (VD) compii&mg during 
an image update period (lUP); 

a drive pulse (Vdr) having a level/and or duration in accordance with an 
optical state to be reached by the associated one of the pixels (18), and 
5 a first shaking pulse (SP 1 ) occurring during a same first shaking time period 

(TSl) for all the pixels (18) of the selected group of lines of pixels (18)^ the first shaking 
pulse (SPl) comprising at least one preset pulse having an energy sufficient to release 
particles present in one of &e limit positions but insufficient to liable said particles to reach 
the oth« one of the limit positions* 

10 

6. An electrophoretic display as claimed in claim S» wherein the controller (15) is 

arranged for controlling the data driver (10) to stqiply the drive voltage wavefomi (VD) 
comprising: 

during an image update period (HJP) successively: (i) a reset pulse (RE) for 
1 S enabling said particles to substantially occupy one of the limit positions, and (ii) the drive 
pulse (Vdr), and 

the first shaking pulse (SPl) preceding the reset pulse (RE) or occurring 
between die reset pulse (RE) and the drive pulse (Vdr). 

20 7. An electrophoretic display as claimed in claim 6, wherein the data driver (10) 

is arranged for generating the reset pulse (RE) having a duration depending on a difference 
bdween optical states of the pixel (18) before and after an image update period (lUP). 

8* An electrophoretic display as claimed in claim 6, wherein the data driver (10) 

25 is arranged for applying the first shaking pulse preceding the reset pulse (RE) and for fiirther 
gmerating a second shaking pulse (SP2) in-between the reset pulse CRE) and the drive pulse 
(V dr), wherein the second shaking pulse (SP2) occur during a same second shaking time 
period (TS2) for all pbcels (18) of the groi^ of lines of pixels. 

30 9. An electrophoretic display as claimed in claim 6, wherein the data driver (10) 

is arranged for generating the reset pulse (RE) with a duration longer than required to have 
the particles occupying one of the extreme positions. 
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10. An electrophorctic di^lay as claimed in claim 6, wherein the data driver (10) 
is MTanged for generating the reset pulse (RE) with a duration substantially proportional with 
a distance required for the particles to move fiom a present position to one of the extreme 
positions. 

11. An electrophoretic display as claimed in claim 6, wherein, if the reset pulse 
(RE) has a duration shorter than a maximum duration, the data driver (10) is airanged for 
gm^ating a third shaking pulse (SP3) during at least part of a third shaking period (TS3) 
occurring in-between the Grst shaking pulse (SPl) and the reset pulse (RE). 

12. An electrophoretic display as claimed in claim 6, wherein, if the reset pulse 
(RE) has a duration shorter than a maximum duration^ the data driver (10) is arranged for 
generating a third shaking pulse (SP3) during at least part of a third shaking p«ciod (TS3) 
occurring in-between the reset pulse (RE) and the drive pulse (Vdr). 

13. An electrophoretic display as claimed in claim 1 1 or 12, wh^ui the data 
driver (10) is arranged for generating the third shaking pulse (SP3) having a lower energy 
content tilian the first shaking pulse (SPl). 

20 14. An electrophoretic display as claimed in claim 12, wharein the data driver (10) 

is arranged for ftuther generating a second shaking pulse (SP2) in-betwe^ die ihird shaking 
pulse (SP3) and the drive pulse (Vdr), whwein the second shaking pulse (SP2) occurs during 
a same second shaking time period (TS2) for aU pixels (IS) of a group of lines of pixels. 

25 1 5 . A di^lay apparatus comprising an electrophoretic display as claim^ in any 

one of the claims 1 to 14* 

16. A method of driving an electrophoretic matrix di^lay comprising a plurality 

of pixels (18), the method comprising: 
30 selecting (16) lines of the pixels (18), 

supplying (10) drive voltage waveforms (VD) to each one of the selected 
pixels (18) via data electrodes (5, 5'), and 

controlling (15) the select driver (16) to select a group of lines of pixek (18) at 
a same time during portions of the drive voltage waveforms (VD) which for each of the data 
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electrodes (S» S,) are equal for at least all the pixels (18) being associated with the same one 
of the data electrodes (5, 5^). 



17- A method as claimed in claim 16 wherein the pixels (18) comprise an 

5 electrophoretic material (8, 9) comprising charged particles, each one of the pixels (18) being 

associated with a first electrode (6) and one of the data electrodes (5, 5*), 

the step of supplying (10) presenting the drive voltage waveforais (VD) 

between tiie JBrst electrode (6) and the data electrodes (5, 5*)» wherein the charged particles 

are able to occupy two limit positions between the first electrode (6) and the second electrode 
10 (5) in response to the drive voltage waveform (VDX and wherein the the step of controlling 

(15) controls the step of supplying (10) to supply the drive voltage waveform (VD) 

comprisii^r 

duricig an image update p^od (JUP) successively: (i) a reset pulse (RE) for 
enabling said particles to substantially occupy one of the limit positions, and (ii) a drive pulse 

15 (Vdr) having a level/and or duration in accordance with an optical state to be readied by the 
associated one of the pixels (1 8), and 

a first shaking pulse (SPl) occurring during a same first shaking time period 
(TSi) for all the pixels (18) of the selected group of lines of pixels (18), the first shaking 
period (TSI) preceding the reset pulse (RE) or occurring betwcOT the reset pulse (RE) and 

20 the drive pulse (Vdr), the first shaking pulse (SPl) comprising at least one preset pulse 
having an raergy sufficient to release particles present in one of the extreme positions but 
insuJSici^t to ^able said particles to reach the other one of Ifae extreme positions. 
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